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1. INTRODUCTION AND SUMMARY

Current targeting manuals much as the Staff Officer's

Field Manual, Nuclear Weapons Employmoeni Doctrine and Pioce-

duress FM-101-31-1 (Ref. 1)t do not include a means of analyz-

ing the engagement of targets that move. This is reflected

b7 the fact that no parameters which represent motion (for

instance, speed or dwell time) are used in the manual's metho-

dology. By implication, all targets are fixed targets.

This document describes a methodology and provides the

data required for a realistic analysis of a mobile target

engagement. For this report a mobile target is defined both

as a target that moves nearly continuously (such as a tank

company) and as one that moves only occasionally (sLch as an
artillery battery or command post). Specifically, this man-
ual provides a means of estimating the probability that a

target is still present at an observed location as a function

of time from the observation where the time the Larget stopped

is unknown. With this methodology targets can then be eval-

uated not only on the basis of expected fractional coverage

as in the manuals, but also on thG basis of whether there is

an adequate likelihood that they will still be present when

a weapon arrives.

Results are summarized in Figure 1. This chart shows the

probability of a target being present at an observed location

as a function of the expected target dwell time (T) and the

acquisition/engagement time (t). Its use is best illustrated

by an example. Let us assume an expected target dwell time

(T) of 12 hours and that the time (t) necessary to acquire and

process the target information, to communicate it to required

elements, to make decisions, t.o plan and prepare weapon use,

1. Staff Officer's Field Manual, Nuclear Weapons Employment
Doctrine and Procedures, Department of the Arm~y, F-101-
3-1l•March 1977.
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and to employ the weapon is 6 hours. The ratio of t to r is
therefore 0.S. The resultant expected probability is about

0.53. Thus, there is slightly better than a SO/.50 chance of

the target still being prepent when the weapon actually arrives

for the wxample.

Figure 1 is based upon a particular assumption concerning

the dwell time statistics,* but it is a representative curve

witLh general applicability. The remainder of this report

Jescribes the methodology in detail and presents results for

other cases in greater detail.

Specifically, the sections of this report present a brief

description of the methodology (with a detailed development of

the equations in an appendix); tabular data for target analysis

of specific cases; an expanded generalized curve; and sample a
cases. Appendix A presents the derivation of the equations

while App(..jeix B details a TI-59 calculator code for calcu-

lating target presence probabilities.

*The standard deviation of the expected dwell time is assumed

to be one-half of the expected dwell time. Section IV of this
report presents generalized data that permit evaluation of
other values fcr standard deviation of the dwell time.
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It. MFPTHODOLOGY

in this section the basic methodology for the evaluation

of mobile targets is described. Appendix A presents a detaileks

development of the equations. The problem addressed by the

methodology ist

What is the probability of a target being at an observed
location at some time (%t) later? Factors to be considered
include how long the target can be expected to stay fixet,
when did it stop relative to the observation, and how much
time is required to respond (i.e., to place a weapon on
the target).

The methodnlagy begirs with the assumption that any target

can be modeled as having a characteristic average dwell time

(r) at a given location. The value of r is# of course,
strongly dependent upon the particular scenario and situation
but, in any caje, the value can be estimated. The dwell time

has some expected deviation (a) about r; i.e., not all targets

of the given tylev in that situation would move precisely at

time T.

A reasonable assumption is that the actual distribution

of dwell times for a given target type and situation will he

Caussian, i.e., the bell-shaped curve as shown in Figure 2.*

The curve is symmetrical about the mean dwell time r with the

degree of spread of the curve determined by the standard devi-

ation o. The physical meaning of the curve is that the most

probable move time is T; however, some units move earlier and

so.ie move later. If the spread (a) is large, then fewer units

move at r and more move earlier and later than r.

*It does not appear that the actual mathematical form of the
dwell time distribution is a critical assumption. The results
are most sensitive to the parameter r regardless of the distri-
bution model.

8
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Selection of a dwell time model (T and a) permits calcu-

lation of the probauility of a target being present as a func-

tion of time. The r 'rtbability that a target moves before a

given time Is equal to the area under the dwell time distri-

bution curve up to that time. This probably is expressed

mathematically as

N = f (t)dt

where f(t)=- Gaussian distribution function.

The probability of a target being present (P ) at a given
'p

time is one minus the probability that it has moved before

that tire:

PP = 1- P

These manipulations result in a curve as illustrated in Figure 3.

Not knowing at what time the detection occurred relative

to the time the target actually stopped complicates the problem.

The mathematics of this complication are addressed in detail in

Appendix A. The final result, i.e.: the probability that the

target will still be present at its original position at a

time t after it was detected, is

2 2
0/r e - (t-r) 1 - erf ____

7r1

-\ 2 e -r + r 1 + erf

This equaticri, when normalized to present the probability in

terms of the ratio t/r and with the assumption that 9 = T/2,

results 'a the curve presented in Figure 1. Note the differ-

ence between Figures 1 (stop time not known) and Figure 3

10
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(stop time known). For t 7 , the former gives a probrz'ility

of the target still being prescnt of less than 20 percent

while the latter, as expected, yields a probability of 50

percent. Alternatively, for a desired probability (e.g., 50

percent) t must be about 50 percent of T with the stop time

unknown or about equal to T with the stop time known.

The remainder of this report will treat only the case

where the stop time is unknown. This is probably the most

realistic assumption when the demands on the target acquisi-

tion system in wartime are considered, especially with limited

resources and degraded capabilities due to enemy actions.

In summary, the aforementioned methodology provides a

means of estimating the probability of target presence as a

function of time. The presence probability alone could be

used as a criterion for selecting targets or it could be

combined with the expected fractional coverage for a given

weapon calculated from the field manuals as follows:

F' = F x P(t)

where F' = revised expected coverage

F = expected coverage using weapon W assuming

static target (FM-101-31 or AP 550)

P(t) = probability target at observed location.

Figure 4 shows an example result using this approach.

The target is assumed to remain in one place an average time

(T) of 4 hours with a = 1 hour. The static fraction coverages
are 0.29 and 0.83 for 600 m and 200-m target location errors,

respectively. The figure illustrates that if the desired

expected coverage is 0.30, then it is unachievable with a tar-

get location error of 600 m. If the target were acquired with

a system providing 200-m accuracy, then up to 2.6 hours can

elapse between the observation and the attack execution while

maintaining an expected coverage of 0.30. Note that in any

12
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individual case, a target will receive either 0.83 coverage or

zero. over a large number of targets the coverage to the

targets considered together will be 0.30.

14



I ~III.~ TABULAR DATA FOR TARGET ANALYSIS

Data are presented in this section for the estimAtion of
target presence probabilities for selected values of the dwellr time (r) and standard deviation of the dwell time (a) as noted
in Table 1. Results for these cases are presented in Tables 2
through 23. All results assum~e the time the target stopped is

I ~unknowni. See Section TV If oather values of a are desired.

II TABLE 1. SPECIFIC VALUES OF T AND ar FOR WHICHI TABLES GENERATED

Average dwell Standard dev iation. ar (hi)
Case t ime, T (h) Set A (a - r/3) Set B (a

1 0.1 0.033 0.1

2 0.2 0.067 0.2

3 0.5 0.167 0.5

4 1 0.333 1

8 12 4 12

9 24 8 24

10 48 12 48

11 96 32 96

15
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TABLE 2. PROBABILITY OF TARGET PRESENCE, CASE 1A

AtERMGE RESIDENCE 1IME(HOUPRS * .1
DEVIATION OF AVERAGE RESIDENCE TIMEHOQLR'-$,- .0U3333

TIMEHOURS, TIMEkMIN) PROD TARGET PRESENT
0.000 8.0 1.880
.905 .3 0.9380
.18 .6 0.9ee

.015 .9 0.850II2I 1.2 0.rt1
• e.5 1.•5 0 .7;51

.030 1.•0 0.7,02

.035 2.1 0.653

.040 2.4 0.605
. 045 0. . 557"

.050 3.0 0.,10

.0•5 3.3 0.4i4
.060 3.6 0.419
.065 3.9 0. 305
.070 4.2 0.333
. 075 4.5 0 . d`.94

• 0•04.8 0. 256
.085 5. 0 .2"

•.090 5.4 O •
.095 5. 7"0.5
.100 6.0 0. 133
.10L5 6.3 0. 109
. 110 6.6 0.089
.115 6.9 0.0-,"11
t 2o 7.2 0. 056

.125 7.5 0.044

.130 7.8 0.033

16



TABLE 3. PROBABILITY OF TARGET PRESENCE, CASE IB

AVE6FoAE Fl,•,%! b O 4C T'll!i[ lmOOPSi~ atI~.i;,ii•. . I
tDEV1A'1,7 o4 O'F A'APAE PLU I DEW4E 7 1I1E, 1-IVj -a I

iltr-ýItOUPS,$ TIME.MIll, PPOS T~iPGET FP~ E--EiT
0.0 0 Oki 1.000

, 15 . 0.98
.020 I.Z 0. 842
.0&',5 1.5 Q. l1
.030 S 0.7--e

.040 2,4 0.710

1050 3.0 0.644

.06% L ) 5'SZ
,055 .. ', .51 ?

. 0?0 4.1 0. 5,
.075 4.5 S. 445
.0 a0 4.S 0. 46e. 005 5.1I 0.442

5.4 0. 41.

100 . .6

.0 .% i. 0.220

.1215 7.5 .i 64
1 0- ; . 3% 0.420..4i

1. IsZ2.145 0.7"o 1;

155 5.3. ;

65 9.9 0. 14.

.180 10.8 Q.. I I I
I,))11.4 0.013

.1,5 1..5 0.152
0.10.8 k.17

.185 L . .I!!•

2195 1 .. 0.0,57
2L0 123.Q 0.852
Z225 2.. 0. 047"

.. 10 13.8 0.4 Oý

.235 14.1 0.038
.240 14.4 0.034
.245 14.7 0.030

17
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TABLE 4. PROBABILITY OF TARGET PRESENCE, CASE 2A

AVERAGE RESIDEHCE T~tlEHOURS) a .2
bEVIATIOH OF AVEPRAGE RESIDEHCE TIMEkHOURSa Uii".

TIMEtHOUPS TIMECHIN) PROS TARGET PRESENT
6.000 0,0 1.000

.010 .6 .5

.020 1.2 0.900

.030 1.8 0.850
•.040 •.4 0.901

.050 3.0 0.751

.060 4.6 0. e

.070 4.2 0,.653

.0o 4.8 0.605

.090 5.4 0.357

.100 •.e 0.510

.110 9. 0.464

.120 ?.2 0.419

.130 7.8 0.375

.140 8.4 0.333

.150 9.0 0.294

.160 9.6 0.256

.1•6 I.2 0.2218
•.190 10.8 0.139

.190 11.4 0.159

.200 12.0 0.133

.210 12.6 0.109
•.20 13.2 0.089
.230 13.8 0.071
.•48 14.4 0.056
.250 15.8 0.044
.260 15.6 0.033

181



TABLE 5. PROBABILITY OF TARGET PRESENCEe CASE 2t

WAn"E PUIDE14E. 1.?1EN0UPS,
(1 AV(PH.I[ PkJ..ll(4C[ TIlNEHOJFS,,,.2

IlHiA0QP$S% llTfl! I"&* M ' PIO TARCEIT PP[$Efl"T

coe 09.O Ie.,+0.040 1.00

.016 .E 0.941Az + I. ", o. U,31

.040 1.4 0.8t4.s

.0, 13

.1,010.20. 44

.•04 4.8 0.710
•e.8"> 5. 4 0 f; 71
.10 e+ 1?@ (,44

.140 a0.4, 5
1130 ý.o 0.04,5

.la is. C%0. 466
.t7 ,18k ,.Z 0, 44".

10.041•0 !0. 324l

+13I . Z6 lb. )&4

13.a. .30
.240 14.4 0.203

IS.E 0.246

Cl 17T". 4 0. 199?
.300 1t.0 0.193
.110 10.6 0.169
.10 Ab. Z 0.156

I• 1.?. 1 8 .141
.340 ,e.4 0.13Z
.150 11.0 0.121

+1.6 0.111
.376 ,7.2 0.102
.3ee 2Z.q 0.0?3
.390 -:'3.4 0.085

.400 ..4.0 0.177

.410 24.6 0.078

.420 215.2 .6

.430 2115.6 0. 95 t-

.440 '6.4 0,2

.450 27., 1 0.04:

.468 27.6 0.84&

.4"0 28.2 0.038

.460 20.8 0.034

.490 29.4 0.03,

19



TABLE 6. PROBABILITY OF TARGET PRESENCE@ CASE 3A

AVERACE PESIDENCE tihEHuP$% a .5
DFVlIrION OF RVERAGE RESIDENCE TIMfvEHmOupS .ItAi

TIME,HOURS'. TIME4MINW PROD TARGCE PRESENT

.225 1.5 0.950

.250 3 I.6 0.100

1.45 0.464
.100 1.0 0.401

.•25 i9.5 0.653

.225 13.5 ,S

.250 11.0 0.5l0

.116.5 0.464.300 18.0 0.419

.22.95 0.294

.400 24.0 0.256

.425 25.5 0.221

.450 70.19

.475 28.5 0.159

.500 30.0 0.133•.525 31.5 0.1,9

...5 30.0 0.089

.5715 34.5 6.971

.•806 36.0 0.056

.i25 37.5 0.044

.G50 39. 0.0396

20



TABLE 7. PROBABILITY OF TARGET PRESENCE, CASE 3B

DEVIATIOM OF AVERAIGE PE$IDE14CE TI6IE,•C.UI., * *

TI tE4HOUPRS lIIM-H M FI!N PRBOS TAFIPGFs oE'i.,EIIT
0.040 0. i.000

.13s

. Se 1. 0. ,","•
• I ," II, . '4•
.2254 020 . 15

.IS O1. 0 . 1Z

• 300 I•,O..

,375 0 ,. 40.,

.400 24.,
4 215 10.. 44-•

.450 .

$25 10. k). - 4
75. 40. 1q.e00 •.t..,..•

. 5 1, 0,

0. 070~

42..

44.,

1.108 i6.0 .0

1 .125 is. 0. 4:.

1.85 ISO 0. k)

I . 1715 71. 0. 031

* 0~00 50. o, 0I,"

21.50 74. 0.04
2.150 71. O.042

I .. 22s 74
2.225 74, 0.030

21



TABLE 8. PROBABILITY OF TARGET PRESENCE, CASE 4A

AVERAGE RESIDENCE TIME-HOURS, a
DEVIATION OF AVERAGE PE$IDENCE TiffE HOURSm .•?

TI|ENHOURS) TIIEk|IN% PROD TAFGET FRESENT
0.00, 0. 1.000
.050 3. e.950
.10. 6. 0,900

.150 19. o.eso
o.250 15. 0.8021

.3e0 18. e 0

.350 "1. 0.65)

.400 24. 0.6O5

.450 't e7.

.500 3*. 0. 5 10

.•50 33. .464

.600 36. 0.419

.195e ý4. 0. 3-41
7850 4 ' 0.3 ..

4550 4. 0.2194
.900 48. 0.156

,050 34. 0.189
.950 57. 0.159

!se603. 0.133
1.050 63. 0.1#9
1.1,0 66.0.9

1.5069. 0.071
1.290 71%fa..5
1.250 75. 0.044
1.300 78. 0.033

22



TABLE 9. PROBABILITY OF TARGET PRESENCE, CASE 4B

AVEIRA#i rESCI DEC E TI MEHOUL'$, I I
DEVIATION OF AvCAIGE PE.ItbEWE TltEHOL'PS-m I

TIMiEMi.UP• TlnlE.I~ltO P•0 1ARkGE'T Pi'P&$(IT

e. 10 . 0. e 13

0.0. 7

• lo •o . v;44

• •45I. 0.4$5

.0. 0.416

1.050 f1

•.400 2'4. ,

.5¶00 0.0,G 4

"42.

1. ýUe 0@ . 24t
A45.

5 . 0. 15i

6.050 Ll. 0. 346

i.1.00 14. 0 0

1 , ISO 0• . 30.

O.2,0 ". 0 .I2.
1.250 ?5. 0.264

.3 150 V). 0 5

3.2400 4. 0..1-

.•500 3O. 04 7

1.550 is. . 0.
1. 50 1 . O.011

&.400 14. 0.01.

II SO•.• 0. 0*5
2 • ! • • O. .

2,.150 U3.00•
2.1200 1a2. .0.

2.•50 14-0. 04a07
2,200 I32. 0. 042

"2.350 141. O.O3*
2. •400 144. 0.034
2•.450 l4•. 0.030

23



TABLE 10. PROBABILITY OF TARGET PRESENCE, CASE 5A

AVERAGE RESIDENCE TIME'AOURS, 2
DEV!RTION OF AVERAGE RESIDENCE TIME(NHOURS)= .66667

TIME(HOURS) TIME'ýMIN. PROB TARGET PRESENT
0.000 0. 1.000

.100 6. 0.950

.200 12. 0.900
.18. 0.850

.4e0 24. 0.801
.500 30. 0.751
.600 :36. 0.702
.710 42. 0.653
.800 48. 0.605
.900 54. 0.557

1.400 60. 0.510
1.108 66. 0.464
1.200 72. 0.419
1.3800 78. 0.375
1.4900 84. 0.333
1.5880 90. 0.294
1.618 96. 0.256
1.700 102. 0.221
1.380 138. 0.189
1.900 114. 8.159
2.000 120. 0.133
2.100 126. 0.109
2.200 132. 0.089
2.300 138. 0.071
2.400 144. 0.056

2.500 150. 0.044
.. 600 156. 8.033
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TABLE 11. PROBABILITY OF TARGET PRESENCE, CASE 5B

fIQEF'eGE PE$I, ENCE£ TI ME, UP ,
DEYIATI'SA; OF 1VEF'R-E PESIDENCE TIME., HON S,,2

1 IHL,- HMOLILS TI MEvMN ,1 PP I. TAF'GET F='E$-;ENT
0. 000 0. 1. 000

100 ,. 0.961* 200 12. 0.923

400 24. 94::
500 30. 0. 813
600 36. 0.778
.700 42. 0.743

$ 800 48. 0. 710
9 00 54. u.E76

1.000 60. 0.644
I 100 86. 0.E13
1. 200 .. 5 4682
1. 70 18. 0.552
I1.4013 84. k) 5 2"3

I. 58 •O .;495

1.600 91. C 4641

1.900 114. 0.392
2.000 120. 0. 368

2. 10 126 0,346
2.200 Q..3 0.:24
2.300 138. 0 .303
"2. 400 144. 0. 283
2.•5u30 150. 0 . -64
2.600 156 .. 2 4

" 700 162. 02 29
2.S01 168 0 .213
2. 9k)o 174. 0 I17
i.000 180. 0 1.
3.100 186. 0 19
3.200 i'. 0? 2 156
"D. s 300 lS 0. 14"3
3.400 204 0. 132
3.500 210 0.121

s . 00. 102
3.8:00 02.9 . 093
3.900 -':,4. O. 0.85
4.000 240. L. 077
4. 100 246. 0.070
4. 200 252. L. 063
4.300 258. 0. 057
4.400 264. 03.052
4.500 270. U.047
4.600 276. 0. 042
4.700 282. 0.038
4.800 2,8 . 0. 0:34
4. 9'00. 294. 0.03A
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TABLE 12. PROBABILITY OF TARGET PRESENCE, CASE 6A

AVERAGE RESIDENCE TIME.HOURS) = 4
DEVIATION OF AVERAGE RESIDENCE TIME(HOURS)= 1.333

TrltEkýHOUPS) TIMEMIIN' PROP TARGET PRESENT
0.000 0. 1.000

.200 12. 3.950

.400 24. 0.900

.600 36. 0.850
e800 48. 0.801

1.000 60. 0.751
1.200 72. 0.782
1.400 84. 0.653
1.600 96. 0.805
1.900 108. 0.557
2.000 120. 0.510
2.200 132. 01,44
2.400 144. 0.419
2.600 156. 0.375
2.800 168. 0.333
3.000 180o. 0.294

3.200 192. 0.256
3.400 204. 0.221
3.600 216. 0.189
3.800 228. 0.159
4.000 240. 0.133
4.200 252. 0.109
4.400 264. 0.089
4.600 276. 0.071
4.800 288. 0.056

5.000 300. 0.044
5.200 312. 0.033
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TABLE 13. PROBABILITY OF TARGET PRESENCE, CASE 6B

AVEFMuE RE ILIENCE TIME' HOURS' * 4
DEVIfil'ON OF AVERAGE RESIDENCE TIMEtHOURS)a 4

TIME',HJUF'. , IIME,. MI :, PROP TARGET PRESENT
0 .00A 0. 1.000

.200 12. 0.961
.400 24. 0.923
.600 D. 0.886
.801 48. 0.849

1.001 610. 0.813
1.200 12. 0.778
1.40e 14. 0.743
1.600 96. 0.710
1.800 1L8. 0.676
22.00 10Z. 0.644
2.200 52. 0.613
4.400 144. 8.582
2.600 125. 0.552

4.800 168. 0.283

. 000 180. 0.495
3.200 1C2. 0.468
:.480 324. 0.442

S.0600 16. 0.416
8.800 228. 0.3924.000 240.0.6

4.200 359. 0.346
4 . 4001 2; 4. 0. 324
4. 600 2 1;. 0. 3 03

4.800 248. 0.283
n.000 :300. 0.264
5.200 312. 0.246
5.400 324. 0.229
5.680 05. 0.213
5.800 S48. 0.197
..00 4-0. 0.283

6.200 372. 0.169
6.400 384. 0.156
6.600 5?6. 0.14.6.800 408. 0. 132'

4.000 420. 0.121
9.200 45 2. 0.111
9.400 4. 0.102
7.600 456. 0.093
9.880 468, 0.085.000 4SO0 0.077
8.200 49?2 .0.070
6.400 504. O.e63
8 .60116 516. 0 . 851
8.800 es' .05
9.000 548. 0.047
9.200 5452. 0.842
9.400 05 64. 0.903
9. E00 576. 0.034
9.800 us8. 0.030
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TABLE 14. PROBABILITY OF TARGET PRESENCE, CASE 7A

AVERAGE RESIDENCE TrINENHOUR6) 6
DEVIATION OF AVERAGE RESIDENCE TIMEN.HOURSNu 2

TIME'HOURS) TIME(MIN) PROD TARGET FPESENT
8.808 8. 1.000

.200 12. 0.96?

.4ee 24. 0.933

.600 36. 0.908

.99e 48. 0.867

1.800 60. 0.834
1.200 72. e.881
1.400 84. 0,768
1.600 96. 0.735
1.880 108. 0.702
2.000 120. 0.669
2.200 132. 0.63?
2.400 144. 0.605
2.600 156. 0.573
2.880 168. 0.541
3.800 180. 0.510
3.200 192. 0.479
3.480 2e4. 0.448
3.600 216. 0.419
3.808 228. 0.389
4.008 240. 0.361
4.280 252. 0.333
4.480 264. 0.38?
4.608 276. 8.281
4.888 288. 0.256
5.080 308. 0.233
5.200 312. 0.210
5.400 324. 0.189
5.600 336. 0.169
5.800 348. 0.150
6.000 360. 0.133
6.280 372. 0.117
6.480 384. 8.182
6.600 396. 0.889
6.808 408. 0.077
7.088 428. 0.066
7.208 432. 0.056
7.400 444. 8.048
7.688 456. 8.848
7.808 468. 0.033
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TABLE 15. PROBABILITY OF TARGET PRESENCE, CASE 7B

AVEP'GE RESIDENCE TIMEHUUPS, a

DEVIATION OF 4\VEFAGE PE$IDENCE TItE' -HUPz -

lME-HOUPS, TIEMI10 PP'OI: TAF.E• F'E'EEHt

0. 000 0. 1.000
.200 12. 0.'74
.400 Z4. 0.q4?.600 • ..

.800 48.
1.000 ~ O
1.200 .0.849

1.400 S4. 0.8 5

1i600 -ý6. L. 02

1.800 10$. 0.77
2.000 120. 0. 55

2.200 132.
2.400 144. 0.71(
2.i00 I1S i. f.07

Sol?0 168. iii•

3.000 110. 0.644

3.200 192. ,6 N
4.400 4..60Z

z.42,2$.
4.800 24 0. 0,54

z .201 152. 0.033
4.400 3.4. 0.504

4.680 Z7E. 0.4$C
4.800 ý:S. ,46i,

S5.00 1 00. 0.450
5.200 :12. 0. 4 3
5.400 `$4. 0.41i
5.600 ý36, 0. 400

15.SO 4'. 0. 384
6.0 oe, 30. l. 36*

2 0 Q 0 .283 1
S.400 4:44. 0.23'1
6. L00 I:56. 0.524
6.800 408. 0.,I0
7.060 420. 0 . 295

5 .200 4•Z.0,8
S.690 0.4

7.400 444. 0.21

7.600 4516. 01258
7.8008 45. 0.24E

C4.000 480. o.835
8.208 4552. 0.2Z4

9.400 544. 0. 1Z4

9 .600 516. 0.156

8 .8@ se a2•ýk. 0 .1I

: ~9.090 540. .•

9.200 cl. 17
9.400 564 . U. 164

9.600 571. 0 .156

9.800 -8R . 0.147
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TABLE 16. PROBABILITY OF TARGET PRESENCE, CASE BA

AvERAIE RESIDENCE TIMEkHOURS) - 12
DE••ATION OF AVERAGE RESIDENCE TIME(HOURSnm 4

TIME<HOURS) TIME(MIN) PROS TARGET PRESENT
0.000 8. 1.8e8

.580 30. 8.9581:988 69. 9.917
1.580 90. 0.875
2.888 128. 0.934

2.s 500 . . 0.793
3.09o too. 3.751

3.588 218. 8.718
4.080 248. 9.669
4.599 278. 8.629
5.000 308. 8.589
5.500 338. 0.549

6.500 398. 0.471
7.000 420. 8.433
7.508 450. 8.397
8.088 480. 8.361
8.500 518. 0.327
9.000 54e. 8.294
9.580 578. 0.262

18.8e8 608. 8.233
18.588 638. 8.2985
11.880 668. 8.179
11.580 690. 0.155
12.8C8 728. 8.133
12.5e8 758. 0.113
13.086 789. 0.895
13.588 818. 0.888
14.888 848. 0.066
14.588 878. 0.854
15.000 9ee. 0.044
15.508 938. 0.835
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TABLE 17. PROBABILITY OF TARGET PRESENCE, CASE 8B

AEFP'mi-E TE't IUEtIC F TlML-Hl i,

DE',I' TION OF A.EtAGE FE 1DEt4c•. •ME .H(',. = I%`

t 1I1L, H0)I,••PS I IME, ilI4 H P,? TAPUT' I PI ESEhT
0. 000 01V 1. OQ

000. . "
JO0.

1.500 S-. 0 . 05

5. 500 150. 6. 843
:800 1IO. 0. 814
3.•500 . 10. 0.7'4

4.000 A 40. 0 '. elk
4. 300 70. 0. 724
5.000 300. 0.5.500 330.0.1
6. 000 060. 0. 644

:.000 4210. 0.5.
' 5;00 450. .. s

8.000 4S 4. 2
$ . 1. 0 0 510.
9.000 540. .4
1.500 570. Q. 4 27

1 0.000 0,00. Z. 450
10.50 0 •0. ,.429
11.00 O6c. 0. 408

11. (00 7' 0. 0. 34
12.SOO 7!0. o. -:A

14.000 ,70. O. 1

15.000 "10. 0.'EL4
15.!.00 $TO. 0. :24
16•. 000 CIO0. 0. .a,5Z

I1ý.500 22 .1

.. 508 1050.
16.000 loU, .

8;.000 1440. 0. I7l
0..00 1140. 0. I & .0

1 15 OkiI I 17k. U. 1 4.3
2 . Oki0( 1 0 u. 0,. 1 9•
2'0. Soe 12 ?0, .1
21.000 IZ•. D. I-

-Noe50 0, 0 (. 11 3
- 0. 00 I6 ".l- OO. 105

•. , b O 1 ;O. 0 . 0 0
.2' 500 1410. 0 0$:3
'4. 000 1440. 0. 07 7
a.4.500 14.'0. 0.07'1
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TABLE 18. PROBABILITY OF TARGET PRESENCE* CASE 9A

AVERAGE RESIDENCE TIMEkHOURS) a :4
DEVIATION OF AVERAGE RESIDENCE TIME..HOURS)a e

TIME(HOURS) TIMEkMIN) PROP TARGET PRESENT

lieee 60. 8.958

s.eoe 128. 0.917
ý.e0e 188. 0.8-5
4.00, 240. 0.834

s 300. 0.793
6.000 368. 0.751
7.900 429. 0.710
8.080 480. 0.669 4
9.800 548. 0.629

10.0ee 600. 0.359
11.090 660. 0.549
12.808 720. 0.510
1s.u00 780. 0.471
14.000 940. 0.433
15.080 900. 0.397
16.000 960. 0.361
17.M08 1020. 0.327
18.008 18o. 0.294
19.080 1;40. 8.262
20.060 1200. 0.233
21.008 1260. 0.205
22.068 1320. 0.179
23.000 1.380. 0.155
24.008 1440. 0.13?
25.000 1 0. 0.113
26.008 03, a.9 6
•.oe 162, Z.8'A
29,06o 1•. 0.066
29.000 1740. 0.854
30.000 1w0v. 0.044
31-100 1866. 0.035
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TAMLE 19. PROBABILITY OF TARGET PRESENCE, CASE 9B

Av~EF'A'E PVý1bEti%.f TIME1HOIJRS'
1iEUIAT11Ti OF AVfE.9tE PEU|DE14 E TIMF'HOULIP Z A4

fI M,•E 10UPS• TIME.ll, M111 PV TA66oft PFUA1t4T
0 . 000 . 1 . 00

1.000 fe., 0.160
1.0001 SQ. 0

0000. 0.74
A000 30N.
000 36.0. &1

-1.000 4%0. 0,74

1ý 008 540. 0.-1

14.000 540. 0.)21

10.000 600. 0.C ýS

16.000 el.. 0.44

1'.000 1080. 051i.
.000 1140. 0.462

16.000 12006 0.404Z

1."000 1410 0.45

"o4.000 1440. 0. 4I, O . 04)14 , 00. 4'.

Zz.000 154610. U 0.3)
1190.0.1

4. U1 1640. 0.3i2*6

5'.000 15I0. 0.2N0

16.e00 1560. 0.641
31008 0z 860.
32*000 1688. 0. &135

3 ..000 17410. 0.221 0
344.000 1040. O,9 0

I .00e 2300. 0lo.N-Z20 . 0 0 0

38.000 2280. 0.160

4.000 &2040. 0 .14 1

40.000 2400. 0,1 9
41.000 -4,0. I.130

4.N000 20. 0.160

4?.000 2'8A. 0. 13
40.0830 Z400. 0. 109

41.000 2400. 0.097
44.000 11i40,0 945.008 270.3 0.090

46.000 28800. 0. 09
48 .00 2940. 0.077
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TABLE 20. PROBABILITY OF TARGET PRESENCE* CASE 1OA

AVERAGE PES~bENCE TINElpUF$, * 48DEVIATIOH Of AVERAGE RESIDEiCE TIME(HOUPR$u 12

TI[E,HOUpS TIMEMltt% PROD TARGET PRESENT
0.0o0 0. 1.0e0
2.000 120. 0.950
4.000 240. 0.91?
6.000 360. O.97?
8.000 480. 0.83310.000 600. 0.?92

12.000 72S. 0.750
14.000 046. 0.709
16.000 960. 0.667
18.000 1080. 0.6250.ze009 14,00. 0.$04

22.00 13210. 0.543

24.090 1440. 0.50246.660 1560. 0.462
48.000 1680. 0.42230.000 1000. 0.302
32.000 1920. 0.34434.000 2040. 0.30?
36.000 2160. 0.271
38.008 2290. 0.237
40.000 2400. 0.204
42.000 2520. 0.174
44.008 2640. 0.147
46.000 2?60. 0.12&
40.000 2080. 0.10
50.000 3800. 0.080
52.008 3120. 0.064
$4.000 3240. 0.049
56.000 3360. 0.038
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TABLE 21. PROBABILITY OF TARGET PRESENCE, CASE 10B

:iv )x 1.rE F E S AILW E M'E I I I L M'E -II E'I40. i 4 Z

T;E. 4E-II; 1 TIPE, Iiti4, 'tci TAPt;ET PRE'SENIT
0.v0 0O . 1. 000

4.000 240. 0,936

S.ooO 45O. 0.er4
30.000 0OO. 0.843
32.000 720. 0.813
14.000 •40. 0.784
36000 96.0.75

I$.o0o I.)SO. 0.726
20.300 I&00. 0.698
22.OZ u l¢o0. 0.70
14. 000 1440. 0.644

Si.000 16I8. 0.515

30.00') 1800. 0.56?
11. 000 190. '.14U
>4.000 I040. 0.51O

o1.1 0•. 0.495

36000 1440. 0. o44

40.000 Z4o.4
4) 000 1SOO. 0.459

44.0 OOO 's. 0.40*4. 000 7&60. 0. 416
.4,000 W)0 0. 1. Z1

?0. 000 1000. 0.349
5S.000 z $0. 0. 34
54.000 400. 0.1507
56.000 3h0.
54.000 460. 0.280
A$1,000 Et4)0. 0.1a4
50.000 400 0.249
I4.000 3s40, 0.231
5S60. .. 01
66.000 0IL0. 0.40?

:0.000 4200. .449
kN.000 4.20. 1

04.000 440. 0,00
10.000 4560. 0.1?0
7Z.00 4%680. 0.144- 3006 4440. 0. 171
712. 0IL 45ikl. 0. 169
:14x.00) N0 5460. 1).141
860 0 536 S0 i. 0.1139

k 100 50400.,.9

5ý% OL 5240 . 0.0901

94. 000 5640. 8.003
'ý6.000t 5760. 0.0??1
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TABLE 22. PROBABILITY OF TARGET PRESENCE, .;ASE 11A

AVERAGE RESIDENCE TIME-HOUR$S '

DEVIATION OF AVERAGE RESIDENCE TIMEMOUPS,- 3&

TIME-HOURS, TIME'tIHN) PROD TARGET PRESENT
0.098 0. 1.e00
20.000 300. 0.79

25.e00 1See. 0.741
30.000 1900. 0.,41

35.000 2100. 0,.39
40.000 1800. 6.59
45.000 2704. 0.539
50.000 3000. 0.490

55.000 3300. 0.443
10.001 39O0. 0.39?
65.0090 3900. 0.352
70.000 4200. 0.310
.. e0O 4500. 0.270

99.66 4600J. 09233
85.008 510b. 0.199
90.000 5400. 0.167
95.000 5'0O. 0.138

100.000 6000. 0.113
195.000 6300. 0.091
110.000 6600. 0.073
115.000 6900. 0.057
120.800 7200. 0.044
125.000 7500. 0.033
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TABLE 23. PROBABILITY OF TARGET PRESENCEt CASE liB

AVEPAGE RE•i.EWIN TI1EMQ0•Pi-
DEYIIATIONt OF iAVLPAE PESIDEWE~ TIE (Q$

TIME HSOUP• TitlE MiN, PF0| IRFUET ý r,;

40. 001. 1.S 0

0,000 1.*0o. 0.%0

20 000 1.00. .6

25.000 400.0
:45.000 2100. .640.000 4 00. 0.
45.300 2700. 0. 4

50.000 0 00. i.I
i0.0001 0k0. 5.47

i5.000 3q00. 0.5s

70.000 400. 0.1

is.ooo 'soo.oi$
100.u00 •0'u. 0. 4
705.000 $000. 0. 41
10.000 4"00. 0.2 0
15.000 I300. ) 46o

9205.000 '2J0

0.000 p000. 0
15,000 $000. -.:10
100.000 00. 4

125.000 tQ00. 0.1$

150.000 10200. 11
130.000 780O0. c'.
140.000 1400.
1415.000 e 700. L.0*

160.000 1000. 0.CT
110.000 1Q0O. 0.I
15.000 11100.
170.000 1400.
15,000 11700. 0.IQI

205.000 108010.

165. 000 11100. O.04o
30o.o V3o0 0. O4;
1 5000 12900. 0. 0 4

"63.080 1 ?100.0.4

Z30.000 141!ý00. 0
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IV. GENERALIZED DATA FOR TARGET ANALYSIS

Figure 5 presents the generalized curve for the proba-

dtcinThprbbility isatagt en presente as a function of twmfom

bitityiof. ah tprobebingt i presente as a function of timwfomI: parameters, T/q and t/r, where

T =average target dwell time
a= standard deviation of the dwell time

t =time.

This curve Is applicable to all values of T and a and may be .
used for those c~ases for which the tabular data in Section III

are inadequate. Examples illustrating its use are presented

in Section V. Coding for calculating these data on the TI-59

is presented in Appendix B.4
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1.0

t - Acquisition and engagement time
r - Average dwell time

0.9 -o = Standard deviation

0 .8 - /

I 0.7- 0.25
0

78 0.6-

'• 0.500.5

S0.4-

C 0.3-

0.2L 3.S0.2

~00
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

t/7

Figure 5. Generalized curve for estimating probability
target is still at observed location.
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V. SAMPLE CASES

Case 1

Compute the probability that a target is still at an

observed position 3 hours after the observation if the target

is assumed to have an average dwell time (T) of 4 hours with

a deviation (a*) of 1.33 hours.

Solution: Table 12, p. 26 applicable.
Answer is P = 0.294.

Case 2

For the above case, what is the revised expected frac-

tional coverage with a l-KT weapon with a CEP of 140 m, a

200-rn target location ev'ror, and a 200-mn target radius?

Solution: The damage radius is about 660 m with a
criterion of latent lethality. FM-101-31
estimates the static fractional coverage
to be 0.98. The revised expected frac-
tional coverage is 0.95 x 0.294 = 0.29.

Case 3

For a target represented by a dwell time (T) of 6 hours

and a standard deviation (a) of 6 hours, what is the allowable

,esponse time for a desired probability of target presence of

0,30?

Solution: Table 15, p. 29 is applicable.
By interpolation, T = 6.9 hours.

Case 4

what is the probability that a target is present after

3 hours if it is represented by the parameters T =3.2 hours

and a =1.5?
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Solution: Generalized curve, p. 34.

3.2 2. 13

t -3.0 =0.94

) By interpolation, P =0.22.

K Case 5

For the values Of T and a assumed in Case 4, what is the

allowable response time if the desired expected coverage is

0.50?

Solution: From the generalized curve with:

T= 2.13, P - (0.5

= -0.54

t - (0. 54) (3. 2) =1. 73 hours.
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APPENDIX A. EQUATIONS FOR TARGET PERMANENCE

We begin by assuming that the probability of the target

leaving (i.e., beginning to move from) its original position

between t and t + dt is

1 Cot e-tT) 2/22 dt2

P (t )d t - _ _ _ _

where t - 0 is the time at which the target originally settled

into the given position, r is the average time that the target

remains in place, a2 is the variance in the distribution,

and the normalization constant

C + erf (\ 22,

is chosen such that

JP 1 (t)dt = 1
0

Sixty-eight percent of the targets will leave between T-o and

T+a. Ninety-five percent of the targets will leave between

T-2a and T+2o.

We now assume that the target is detected at some arbitrary

time t = t 1 > 0 which is completely uncorrelated to the move-

ments of the target, and we wish to know the probability density

P 2 (t 2 ) of the time t 2 between detection and the departure of

the target.
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This turns out to be one of the main problems of a branch

of probability theory called renewal theory. The random

variable t2 In called the residual waiting time or the excess

lifetime. Using the results of renewal theory (Ref. Al) it

can be shown that the probability that the target will leave

at a time t2 after it is detected is S

P 2 (t 2 )dt 2 = 1 2 ) dt 2

where
t 2

F 1 (t 2 ) P 1 (t)dt

0

and

L= t P1 (t)dt

0

or, integrating by parts and using FI(Q) = 1,

S =0/ [1 F F(t)]dt
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so that
[i - F~(t 2 1 ]dt 2

P 2(t 2)dt 2 - 1-t2 I t

J [1 - F1(t) Idt

0

Using the original expression for P,(t) we now have

1 - F (t 2 ), P (t)dt

t2

"1l / e-(t-T) 2 /21 2 dt

t2

Setting t-T 0 ,12x, this becomes

1 ex 2

F 1 (t 2 ) = - e dx
t

which gives (Ref. A2)

F ~~~1- F (t) =kl rf ~t )j

45



where erf(x) Is the error function, so that the expression

for P2 (t 2 )dt 2 become3

K P 2 ( 1i -erf -.-- dt 2

P (t.t )dt
1- P )fL 2 I••- t

This can be further simplified. Using th* formulas (Ref. A3)

erf (ax) dx = x qorf (ax) + e-

and

• _- 1

(1 - erf(ax)ldx

0I

we obtain

11 [- erf (ax)]dx = ea- y[l - erf(ay)]

J!

t ch. have

2 2
(t-T II f- -T /2o

- •.,+dt h.,..

1- erf d t = : e
a,5

+ I erf( T)
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so that the final result for P2 (t 2 )dt 2 is

I- ert - dt 2p2,,t2)dt:, 2o

e-/a+ T ~1 +erf(~)

The probability that the target will still be present at a

time t 3 after it was detected is now given by

t 3

P3 (t.3 - 1 - 2 (t.2 )dt 2

or, since f P 2(t2)dt2 a1,

P3 (t 3 ) P 2 (t2)dt2

t 3

Using the expression for P2 (t 2 ), we obtain after integrating

a/-e 2-,2) 1 - erf

P (t) =o
3 3 2 2

(7 e + T [1 + erf
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APPENDIX B. TI-59 CODE FOR
MOBILE TARGET CALCULATION•S

SThe equation for the probab ility of a target bsing present

at an observed location as a function of time where it is not

known when the observation took place relative to the time the

target stopped is

x2
(-T (-T

P ~t) - S 2o

where erf - error function

T - mean dwell time

a standard deviation in dwell time.

The derivation of this equation is presented in Appendix A.

An approximation to the error function suitable for use in

the TI-59 is
.2X - + 7)

If LXi < 1.18: erf(X) - ("

If JlX > 1.18: erf(X) - 1 - 1e

With this approximation the maximum error in the error func-

tion (about 5 percent) occurs at X - 1.18. The resultant error

in the calculated probalility of target presence is less than

1 percent for cases resulting in probabilities greater than 5

percent.

The following pages present TI-59 coding of the above

equations and directions for running the program.
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INSTRUCTIONS

The program uses standard portioning (479/59) and will

fit on two magnetic cards (four 'sides'). After entering the

program, the procedures are as followst

SInstruction Data!

I Set initial time 0. STO 5

2 Set stop criteria" .001 STO 16

3 Initialize INV 2nd FIX

4 Enter average dwell time 6 STO 3

5 Enter standard deviation 2 STO 2

6 Enter time increment " STO 1

7 Begin run A

*Data for sample case illustrated.

*Program stops when the probability of a target being
present is less than this value.

The output from the printer is illustrated on the next page.

The quantities are:

ADP a average dwell time (input)

DEV a standard deviation of the dwell time (input)

TIME a time

PROB - probability of target being present at given time.
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RESULTS FOR SA4PLE CASE

PDIT

D•EV

T T IME TI ME
U. L00 6. 0o 0

PROS PROS
00. 10:3

T I ME T I ME
1. 000
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